Vuggy watercourse and carbonate vein systems 9 Alteration 9 Rock-chip geochemistry 9 Summary 10 References cited 11 Appendixes 1. Rock-chip geochemical data from the Shumagin gold deposit, a. Ca, Fe, Mg, Na, P, Ti (Queen, 1988) and established an estimated reserve of 245,106 tonnes (270,000 short tons) grading 16.8 g/t Au and 68 g/t Ag (Mining Journal, 1987) . Trenching and limited percussion drilling, were also completed (Queen, 1988; Wilson and others, 1988 ).
This report presents the results of preliminary core logging, geologic mapping, and rock-chip geochemical sampling performed in 1987-1988 by Queen, resident geologist for Alaska Apollo Gold Mines Ltd., and during the summer of 1988 by White. Rock chip geochemical samples were collected in 10-foot intervals from the walls of Trench 169; in 10-foot intervals of unsplit drill core from drill holes 34, 42, and parts of 28; and in 10-foot intervals from the north wall of the Lucky Friday adit, beginning at the portal (appendix 1)( fig. 2) . Each sample weighed about four pounds. Pulps of selected sections of previously split core from holes 34, 35, 37, 38, 39, 41, and 42 were also analyzed ( fig. 2) . A DC-arc emission spectrograph was used to determine 35 elements by a six-step semiquantitative method described by Grimes and Maranzino (1968) . Atomic absorption spectrophotometry was used to analyze Ag, As, Au, Bi, Cu, Hg, Pb, Sb, Te, Tl, W, and Zn.
J. Whitesides collected most samples; F. Brown, Z. Brown, and E. Bailey did the aralytical work, and E. Bailey provided X-ray diffraction data on johannsenite and chlorite. We thank John R. Bogert, President of Alaska Apollo Gold Mines Ltd., and Paul L. Jones, Vice President and General Manager of Operations for active encouragement, assistance, and free access to the property. In outcrop the fault breccia forms sharp, planar footwall contacts with country rock. Where exposed by trenching the hanging wall contact is an irregular surface with a web-like quartz matrix surrounding cavities where breccia clasts and calcite have been removed by weathering. Locally developed along the irregular hanging wall surface is a 40-cm-thick zone of crumbly black manganese oxide, probably formed from the weathering of johannsenite, a manganese-rich clinopyroxene that is observed locally at the surface, but not in drill holes.
VEINS Union Vein
The composite Union vein (Queen, 1988) , principal target of most drilling on the Shumagin property, is a 3-m-wide zone of closely spaced gold-bearing quartz veins in the hanging wall tuff of the Shumagin fault (figs 2, 3). The attitude of the vein approximates that of the fault, but both strike and dip of the Union vein vary slightly such that the vein locally intersects and crosscuts the clast-supported fault breccia. The Union vein, delineated by surface exposures and drill holes, is only about 370 m long, and does not appear to extend the entire length of the Shumagin fault ( fig. 2 ).
Individual veins within the composite Union vein are sinuous, commonly open-growth, and generally less than 10 cm wide. Within veins, irregular alternating layers of quartz and green chlorite are bounded by inward-penetrating quartz crystals as much as 2 cm long. Open vugs are common. Gray, finely crystalline galena and pale yellow sphalerite form clots as much as 3 mm long that are generally aligned within chlorite layers, parallel to the vein contacts. Pyrite is disseminated in chlorite; microscopic native gold occurs with the galena and sphalerite. The Union vein contains the highest gold concentrations at the Shumagin property, and essentially constitutes the Shumagin gold deposit.
Paralleling the Union vein, as far as 6 m from either contact, are sparse and thinner subsidiary quartz veins of similar character. These veins do not consititute ore in themselves, but where adjacent to the Union vein, may increase the width of the ore zone.
Quartz Breccia Vein
The matrix-supported quartz breccia vein contains angular clasts of crystal-lithic tuff, andesite, finely crystalline gray silica, and sulfide-bearing Union vein in a matrix of white quartz that constitutes at least 30 percent and commonly as much as 70 percent of the rock. Clasts of Union vein are most abundant in the breccia adjacent to areas of Union Vein in the wall rock, suggesting that clasts did not move significantly from their original pre-breccia positions. The quartz breccia vein appears restricted to the Shumagin fault, where it cuts the clast-supported fault breccia and constitutes the largest volume of material within the fault boundaries. It pinches and swells both vertically and horizontally, and where exposed, forms the most persistent outcrops of any unit on the Shumagin property ( fig. 2, 3 ). Like the clast-supported fault breccia, outcrops of the quartz breccia vein locally have an irregular surface with cavities that contain calcite and manganese oxide.
The quartz breccia vein contains rare 1 mm crystals of galena and sphalerite entrained along the terminal edges of quartz in individual quartz growth zones within the breccia matrix. The sulfides contain only traces of gold, however, and the quartz breccia vein forms ore only in areas where it contains clasts of the Union vein. In addition, rare 3-mm-wide rims of arsenopyrite occur on andesite clasts within the breccia near the footwall of the Shumagin fault.
Greenbaum and Lucky Friday Veins
The Greenbaum vein (Queen, 1988 ) is 1 m wide and has a N 55° E strike and 83° SE dip in a single outcrop about 24 m northwest of the Shumagin fault (figs. 2, 3). Although it's strike length is unknown, the vein is also exposed in the underlying Lucky Friday adit and in a single drill hole, indicating that it extends at least 80 m down dip. The Greenbaum vein is composed mostly of finely crystalline "cherty"-appearing gray quartz with small amounts of more coarsely crystalline vuggy quartz. Cross-cutting relationships are not exposed; minor gold is reported with pyrite and marcasite (Queen, 1988) .
The Lucky Friday vein strikes about N 50° E and dips 70° NW. Exposed at surface and in the Lucky Friday crosscut, the 1-m-wide vein extends at least 40 m along strike and 35 m down dip (figs 2, 3). The Lucky Friday is a breccia vein with clasts of andesite and a matrix of white quartz. Minor chlorite and gold are reported (Queen, 1988) . Although cross-cutting relationships were not observed, the breccia character of the vein suggests that it might be equivalent to the matrix-supported quartz breccia vein event. 
ALTERATION
Wall rock alteration, based strictly on megascopic examination, consists of strong argillization that extends at least 45 m from the Shumagin deposit, and quartz-sericite-pyrite alteration, which is adjacent to the Union and matrix-supported quartz breccia veins. Although adularia has not been observed at the Shumagin deposit, its presence is suspected, as adularia is common in the Apollo vein, nearby (Becker, 1898, p. 84).
ROCK-CHIP GEOCHEMISTRY
Plots of the down-hole variations in the concentrations of elements in drill hole 42 (appendix 2) suggest that the elements can be organized into three groups based on similar variation patterns. Group 1 consists of Au, Ag, Te, Pb, Zn, and Mn; group 2 consists of Cu alone; and group 3 includes As and Hg (appendix 2).
The Au-Ag-Te-Pb-Zn-Mn group is highest in the Union vein. The relatively high gold values confirm that the Union vein is the orebearing event; and coincident high values for other group 1 elements indicate that group 1 is the assemblage associated with ore. In addition, the positive correlation between Au, Ag, and Te suggests that some Au may occur as a Au-Ag telluride. A lower concentration of group 1 ore-related elements occurs in the quartz breccia vein. A minor concentration of group 1 elements in the upper part of drill hole 42 may indicate minor veining undetected in drill core.
Cu is concentrated in the quartz breccia vein with minor additional concentration in the Union vein and the upper part of drill hole 42. Cu may be a distinctive indicator element of the quartz breccia vein.
The As-Hg group has highest values over a wide area in the upper part of drill hole 42, suggesting a broad aureole extending outward from the Union vein for at least 75 m. As is also concentrated in the quartz breccia vein, reflecting the presence of arsenopyrite.
SUMMARY
In summary, the Shumagin gold deposit is a fault-controlled, epithermal, volcanic-hosted quartz vein occurrence. The absence of enargite, and the presence of sericite, probable adularia, johannsenite, and chlorite suggest that the Shumagin deposit is an adularia-sericite type hydrothermal system as defined by Heald, et al (1987) .
Cross-cutting relationships indicate a probable sequence of events. Formation of a permeable channelway by movement along the Shumagin fault is recorded by the (1) pyrite-rich cataclasite and (2) clast-supported fault breccia. A prolonged episode of fluid emplacement is indicated by the (3) gold-rich Union vein; (4) matrixsupported quartz breccia vein with minor sulfides; (4) Greenbaum vein with trace gold; (6) Lucky Friday vein with trace gold; (7) vuggy watercourse vein system with minor sulfides; and (8) late carbonate vein system. Only the Union vein is known to contain potentially economic concentrations of gold.
Au-Ag-Te-Pb-Zn-Mn is the trace element assemblage of the Union vein and Cu appears to be associated with the quartz breccia vein. As and Hg show a broad aureole that extends at least 75 m from the Union vein.
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Appendix Ib. Rock-chip geochenical data froi the Shunagin gold deposit (Ga-Zr).
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